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I. Tlie Defcription of a new Infirument for taking 
Angles. fBy John Hadley, Efq$ Vice-fr. 
(2^. S. communicated to the Society on May i 3. 
1731. 

THE Inftrument is defign'd to be of Ufe, where 
the Motion of the Obje£ts, or any Circum- 
■ftance occafioning an Unfteadinefs in the common In- 
ftruments, renders the Obfervations difficult or uncer- 
tain. 

The Contrivance of it is founded on this obvious 
Principle in Catoptricks : That if the Rays of Light 
diverging from, or converging to any Point, be re- 
fle&ed by a plane polifti'd Surface, they will, after 
the Reflection, diverge from, or converge to another 
Point en the oppofite Side of that Surface, at the 
fame Diftance from it as the firft ; and that a Line 
perpendicular to the Surface palling through one of 
thofe Points, will pafs through both. Hence it fol- 
lows, that if the Rays of Light emitted from any 
Point of an Objeft be fucceflively reflected from two 
fuch poliffe'd Surfaces j that then a third Plane, per- 
pendicular to them both, paffing through the emitting 
Point, will alfo pafs through each of its two fuccefs- 
five Images made by the Reflections: All three Points 
will be at equal Diltances from the common Interfe&ion 
of the three Planes } and if two Lines be drawn thro* 
that common Interferon, one from the original Point 
in the Objeft, the other from that Image of it which 
is made by the fecond Reflection : they will compre- 
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bend an Angle double to that of the Inclination of 
the two polith'd Surfaces. 

F i g, I. Let RFH and R G I reprefent the Sec- 
tions of the Plane of the Figure by the polifh'd Sur- 
faces of the two Specula BC arid DE, ere&ed perpen- 
dicularly thereon* meeting in R, which will be the 
Point where their common Se&ion, perpendicular like- 
wife to the fame Plane, paffes it, and H R I is the An- 
gle of their Inclination. Let A F be a Ray of Light 
from any Point of an Objeft A falling on the Point F 
of the firft Speculum B C, and thence refle&ed into 
the Line F G, and at the Point G of the fecond Spe- 
culum DE refle&ed again into the LineGK, pro* 
duce G F and K G backwards to M and N, the two 
fucceffive Reprefentations of the Point A j and draw 
RA, RM, andRN. 

Since the Point A is in the Plane of the Scheme, 
the Point M will be fo alfo by the known Laws of 
Catoptricks. The Line F M is equal to F A, and the 
Angle MFA double the Angle HF A or MFH; 
consequently R M is equal to R A, and the Angle 
M R A double the Angle HRAorMRH. In the 
fame manner the Point N is alfo in the Plane of the 
Scheme, the Line R N equal to R M , and the Angle 
M RN double the Angle MR I or I R N: Subftraa 
the Angle MR A from the Angle MRN, and the 
Angle ARN remains equal to double the Difference 
of the Angles MR I and M R H ? or double the Angle 
H R I, by which the Surface of the Speculum D E is 
reclin'd from that of BC j and the Lines R A y RM 
and R N are equal. 
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Carol, i. The Image N will continue in the fame 
Point ; altho' the two Specula be turnM together cir- 
cularly on the Axis R, fo long as the Point A re* 
mains elevated on the Surface of B C : provided they 
retain the fame Inclination. 

Corol. z» If the Eye be plac'd at L, (the Point 
where the Line A F continued cuts the Line GK;) 
the Points A and N will appear to it at the angular 
Diftance ALN, which will be equal to A R N : 
For the Angle A L N is the Difference of the Angles 
FGNandGFL; and FGN is double FGIj and 
G F L double G.F R, and confequently their Difference 
double F RG or H R I : Therefore L is in the Cir- 
cumference of a Circle pafling through A, M, and R. 

Corol. 3. If the Diftance A R be infinite, thofe 
Points A and N will appear at the fame angular Di- 
ftance, in whatever Points of the Scheme the Eye and 
Specula are placed : Provided the Inclination of their 
Surfaces remain unaltered, and their common Seffcioti 
parallel to itfel£ 

Corol. 4. AH the Parts of any Objects will ap- 
pear to an Eye viewing them by the two fucceffive 
Refte&ions, as before defcribed, in the fame Situation 
as if they had been turned together circularly round 
the Axis R, keeping their refpe&ive Diftances from 
one another, and the Axis, with the Dire&ion H I, 
i. e. the fame Way the fecond Speculum DE reclines 
from the firft B C. 

Corol. f. If the Specula be fupposM to be at the 
Center of an infinite Sphere ; Objefts in the Circa m*> 
ference of a great Circle, to which their common Sec- 
tion is perpendicular, will appear remov'd by the two 
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Refle&ions, through an Arch of that Circle, equal to 
twice the Inclination of the Specula, as is before laid. 
But Objeds at a Diftafice from that Circle will appear 
removed thro' the fimilar Arch of a Parallel : There- 
fore the Change of their apparent Place will be mea* 
fured by an Arch of a great Circle, whofe Chord is 
to the dhord of the Arch equal to double the Incli- 
nation of the Specula, as the Sines Complements of 
their refpe&ive Diftances from that Circle are to the 
Radius: And if thofe Diftances are very final!, the 
Difference between the apparent Tranflation of any one 
of thefe Obje&s, and the Tranflation of thofe which 
are in the Circumference of the great Circle aforefaid t 
will be to an Arch equal to the verfed Sine of the 
Diftance of this ObjeQ: from that Circle, nearly as 
double the Sine of the Angle of Inclination of the 
Specula, is to the Sine Complement of the fame. 

Fig. IL The Inftrument confifts of an Oclant 
ABC, having on its Limb B C an Arch of 45 Degrees, 
divided into 90 Parts or half Degrees ^ each of which 
anfwers to a whole Degree in the Obfervation* It has 
an Index M L moveable round the Center, to mark 
the Divifions: And upon this, near the Center, is fixM 
a plane Speculum E F perpendicular to the Plane of 
the Inftrument, and making. fuch an Angle with a Line 
drawn along the middle of the Index, as will be mofl 
convenient for the particular Ufes the Inftrument is 
defigned for-, (for an Inftrument made iccording to 
Fig. 2* the Angle LMF may be of about 6$ Degrees.) 
1 KG H is another fmaller plane Speculum, fixM on 
fuch Part of the O&ant as will likewife be determin f d 
by its particular Ufe, and having its Surface in fnch 
Dire&ion, that when the Index is brought to mark 
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the beginning of the Divifions (i. e. o 9 ) it may be 
cxa£Uy parallel to that of the other ^ this Speculum 
being turned towards the Obferver,and the other from 
him. PR is a Telefcope fixM on one Side of the 
O&ant, having its Axis parallel to that Side, and paf- 
fing near the middle of one of the Edges I K or I H of 
the Speculum IKGH^ fo that half its Obje&.GIafs 
may receive the Rays reflected from that Speculum, 
and the other half remain clear to receive them from 
a diftant Objed. The two Specula muft alfo be dif. 
pos'd in fuch manner, that a Ray of Light coming 
from a Point near the middle of the firft Speculum, 
may fall on the middle of the fecond in an Angle of 
70 Degrees or thereabouts, and be thence refle&ed in- 
to a Line parallel to the Axis of the Telefcope, and 
that a clear Paffage be left for the Rays coming from 
the Objeft to die Speculum EF by the Side HG. 
ST is a*dark Glafs fix*d in a Frame, which turns on 
the Pin V * by which Means it may be plac'd before 
the Speculum E F, when the Light of one of the Ob- 
jefts is too ftrong : Of thefe there may be feveral. 

F 1 a. IIL In the diftind Bafe of the Telefcope, 
reprefented by the Circle abcdef, are placed three 
Hairs, two of which, a c and b d % are at equal Di£ 
tances fiom, and parallel to the Line gh % which 
paifes through the Axis, and is parallel to the Plane 
of the Oftent : The third fc is perpendicular to gh 
through the Axis. 

The inftrumenf, as thus defcribed, will ferve to 
takeanyAngle not greater than 90 Degrees 5 but if it be 
de*kn*d for Angles from 90 to 180 Degrees, the polifhM 
Surface of the Speculum E F (Fig. x.) muft be turnM 

towards. 



( I** ) 

towards the Obferver j the fecond I K G M muft be 
brought forward to the Pofition N O fo as to receive on 
its Middle the Rays of Light from the middle of the firft 
in an Angle of about %$ Degrees, their Surfaces being 
perpendicular to one another when the Index is brought 
ro the End of the divided Arch nextC ; and this fecond 
muft ftand five or fix Inches wide of the firft, that 
the Head of the Obferver may not intercept the Rays 
in their Paflage towards it, when the Angle to be ob- 
fervMis near i8q°. The fmaller Speculum is fix'd 
perpendicularly on a round brafs Plate, toothM on the 
Edge ^ and may be adjufted by an endlefs Screw. 

In order to make an Obfervation, the Axis of the Te* 
lefcopeisto bedire&ed towards one of the Objects, the 
Plane of the Inftrument paffing as near as may be 
through the other, which muft lie to that Hand of 
the Obferver, as the particular Form of the Inftru- 
ment may require ; viz. the fame Way that the Spe* 
culum E F does from 1KGH, if it be compofed ac- 
cording to this Figure and Defcription. The Obfer- 
ver's Eye being applied to the Telefcope, fo as to keep 
light of the firft Objeft * y the Index muft be moved 
backward and forward till the fecond Objed is like- 
wife brought to appear through the Telefcope, about 
the fame Diftance from the Hair c f (Fig. 3.) as the 
lirft : If then the Obje&s appear wide of one another, 
as at i and k 9 the Inftrument muft be turn'd a little 
on the Axis of the Telefcope, till they come even, 
or very nearly fo, and the Index tnuft be removed till 
they unite in one, or appear clofe to one another in a 
line parallel to cf\ both of them being kept as near 
the Line^ b as they can. If the Inftrument be then 
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turtfd a little on any Axis perpendicular to its Plane, 
the two Images will move along a Line parallel to 
g b f but keep the fame Pofition in refpeft of one ano- 
ther ; fo that in whatever Part of that Line they be 
obferved, the Accuracy of the Obfervation will oe no 
otherwife affefted than by the Indiftin&nefs of the 
Objefts, If the two Objeds be not in the Plane of 
the Inftrument, but equally elevated on, or deprefs'd 
below ir, they will appear together at a Diftance from 
the Line g b, when the Index marks an Angle fome- 
thing greater than their neareft Diftance in a great 
Circle; And the Error of the Obfervation will in- 
creafe nearly in Proportion to the Square of their 
Diftance from that Line ; but may be corre&ed by 
help of the fifth Corollary* Suppofe the Hairs a e and 
hd y each at a Diftance from the Line<g h y equal to 
411 of the focal Length of the Objeft-Glafs, fo as 
to comprehend between them the Image of an Objeft, 
whofe Breadth to the naked Eye is a little more than 
a°li and let the Images of the Objefts appear united 
at either of thofe Hairs : Then as the Sine Comple* 
ment of half the Degrees and Minutes mark'd by the 
Index, is to the doubled Sine of the fame ; fo is one 
Minute to the Error which is always to be fubftrad- 
ed from the Obfervation* Other flairs may alfo be 
plac*d in the Area abcdef\ parallel to gb f and at 
Diftances from it proportional to the fquare Roots of 
the Numbers i, z f 3, 4, £fc. and then the Errors to 
be fubftrafted from the fame Obfervation made at 
each of thofe Hairs refpeftively, will be in Propor* 
tion to the Numbers 1, x, 3, 4, &c This Correc- 
tion will always be exa£fc enough if the Obfervertake 
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care (efpeciaily when the Angle comes near 180 ) to 
keep the Plane of the Inflrument from varying too 
much from the great Circle palling thro* the Obje&s. 
In regard to the Workmanihip, if an Exa&nefs be 
required in the Obfervarions, the Arch ought to be di- 
vided with the greateft Care^ becaufe all Errors com- 
mitted in the Division arc doubled by the Reflections. 
The Index mutt have a fteady Motion on the Cen* 
ter, fo that the Axis of it remain always perpendicular 
to the Plane of the O&ant j for if that alter, it will 
be liable to vary the Inclination of the Speculum it 
carries to the other : The Motion muft likewife be 
eafy, left the Index be fubje£t to bend edge- ways: 
For the fame reafon it fhould be as broad at that End 
next the Outer as conveniently can be. The Specula 
fhould have their Surfaces of a true flat ^ becaufe a 
Curvature in either of them, befide rendering the Ob- 
je£l indiftinct, will vary its Pofition, when feen by 
Refledion from different Parts of them : They muft 
alfo be of a fufficient Length and Breadth for the Te- 
lefcope to take in a convenient Angle without ioftng 
the Ufe of any Part of the Aperture of its Objed- 
Clafs, and that in all the different Pofitjons of the 
Index. They may be either of Metal or Glafs Plates 
foiFd, having their two Surfaces as nearly parallel as 
they can ; yet a fmall Deviation may be allowed ^ 
provided either their thickeft or thinneft Edges (and 
confequently the common Seftion of their Surfaces) 
be parallel to the Plane of the O&ant : For in that 
Cife, though there are feveral Reprefentations of the 
Objed, they will be always very near one another 
in a Line parallel to c f\ and any of them may be 
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ufed, except when the Angle to be obferved is very 
fmall. The chief Inconvenience will be, that a ftnall 
Star will be more difficultly difcerned, the Light be* 
ing divided among the feveral Images. The Telefcope 
may be contrived to alter its Situation, fo as to re- 
ceive the reflefted Rays on a greater or lefs Part of 
its ObjeQ>Glafs, if the Obje&s differ in Brightness. 
The fecond Speculum may have a Part unfoil'd, that 
if either of them be fufficiently luminous, the lefs 
bright may be feen through it by the whole Aperture. 
If the Sun be one of the Objefts, or the Moon be 
compared with a (mailer fix'd Star ; their reflected 
Images rauft be ftill farther weakened by the Inter- 
pofition of one or more of the dark Glaffes S T. An 
exaft Pofition of the Telefcope is not neceffary ; and 
the Inftrument may be ufed without one, the Difpo- 
fition of the Specula, with regard to the Se£br and 
Index, being fuch as may allow the Eye to be brought 
as near the fecond Speculum as may be, and make the 
Inftrument the raoft commodious for the Obferver. 

It will be eafy to judge, that fcarce any greater De- 
gree of Steadinefs is requilite in the Pedeftal, or Ma* 
chine which carries this Inftrument, than what is fuf- 
ficient for the Telefcope us'd with it : For although 
the vibrating Motion of the Inftrument may occafion 
the Images of the Objects alfo to vibrate crofs one 
another ; their apparent relative Motion will be very 
nearly in Lines parallel to cf$ and it will not be dif- 
ficult to diftinguifti whether they coincide in croffing 
one another, or pafs at a Diftance : And if the Ob- 
jefts are near one another, and the Telefcope mag- 
nify but about four or five Times, it may be held in 
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the Hand without any (landing Support, In this 
Manner the Altitude of the Sun, Moon, or fome of 
the brighter Stars from the vifible Horizon may be 
taken at Sea, when it is not too rough. 

F i G. IV. fhews an Instrument defigned for this 
Purpofe ; differing from the foregoing Defcription 
chiefly in the placing the Specula and Telefcope 2 
with regard to the Sedor and Index ; it has alfo a 
third Speculum N O difpos'd according to the Direc- 
tions when the Angle is greater .than 90 Deg. whofe 
Uie is to obferve the Sun's Altitude by Means of the 
oppofite Part of the Horizon, In placing thefe two 
fmaller Specula, it will be farther neceffary to take 
care that the Speculum I K G H do not ftand fo as to 
intercept any of the Rays coming from the greater 
one fix'd on the Index to the third N O, nor either 
of them hinder the Index from coming Home to the 
End of the divided Arch. WQ. is a Diredor for the 
Sight ^ which is neceffary when the Telefcope is not 
made ufe of. This confiffe of a long nirrow Piece, 
which Hides on another fix'd on the back of the Oc- 
tant, and carries at each End a Sight erected perpen- 
dicularly on it; It may be removed at Pleafure, and 
exchanged for the Telefcope, which Aides on in the 
fame manner, both ferving indifferently with either 
of the two fmaller Specula. The Eye is to be plac'd 
clofe behind the Sight at W ; and the Thread ftretchM 
acrofs the opening of the other Sight at Q. perpendicu- 
lar to the Inftrument is to affifttheObferver in holding 
it in a vertical Pofture, who is to keep this Thread as 
near as he can parallel to the Horizon, and the Obje& 
near the upright one. How far an Inftrument of this 
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Kind may be of Ufe at Sea to take the Diftance of 
the Moon's Limb from the Sun or a Star, in order to 
find the Ship's Longitude, when the Theory of that 
Planet is perfected, I leave to Trials to determine. 

The Society have the Satisfaction of knowing that 
Theory to be already brought to a good Degree of 
Certainty and Exa&nefs, thro' the confummate Skill 
in Aftronomy, and indefatigable Diligence in obferv- 
ing, of a very learned Member ; and have great Rea- 
fon to hope, that this ufeful and difficult Part of 
Aftronomy will in a little time appear to be abfoiute- 
ly compleated by the continued Labour and Applica- 
tion of fome of their own Body. 

IL An ExtraB of a Viffertation De Stylis Vete- 
rimi, 3c diverfis Ghartarum generibus, [by 
the Hon, Sir John Clerk, one of the Barons of the 
Exchequer in Scotland^ and F.d^ S."] (By Roger 
Gale, Eftfo Vtce-Trejident and Treajurer ${. S* 

THE learned and judicious Author takes occafion 
from fome antique Brafs Implements found near 
the Wall of Antoninus Plus, now named Graham's 
Dyke, in Scotland, to give us this curious Differtation 
upon the Stylus, an Inftrument ufed by the Ancients 
for Writing, with the Figures of fome of them annex'd 
in a Copper Plate ; two of which are reprefented in 
the Shape and Form of the Roman Fibula ; but the 
Author is of Opinion they were defigned for a differ* 
ent Purpofe, for which he produces very cogent Rea- 
fons. 
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eafy to keep the Plane of the Inftrument fo near that 
of the before-mentioned great Circle as not to want 
any 5 if the Situation of that Circle be known: If it 
be not, the Obferver, when he fees the two Objects 
together, may turn, the Inftrument on, the Axis of the 
Telefcope, 'till he finds that Poiition of it bv which 
he obtains the lead Angle:, and this (if tbeSpecuh 
are fet truly perpendicular to the Plane of the In- 
ftrument), will always happen when the Objeds ap- 
pear to coincide in the Line g : b% as expreifed in the 
third Fig., of tfranf. No -410. 

In Page 15 z of the fame^ a Rule is given for find- 
ing to which Hand of the Obferver the Objed feen* 
by Refledlon ought to lie* but is retrained to the par- 
ticular Form of the Inftrument there defcribed. The 
general Rule is, that when the Index, is brought to the 
beginning of the Scale (i.e. to o° when the Inftru- 
ment is defigned for Angles under 9.0°, or to 90 when 
it is defigned for Angles from 90 to 180 ) if then a 
Line be imagined to be drawn on it parallel to the 
Axis of the Telefcope, or Line of Diredion of the 
Sight*, fo as to point towards the Object feen diredly ■ 
which ever way this Line is carried by the Motion of 
the Index, along the Arch from o° towards 90° in the 
firft Cafe, or from 90 towards 180 in the fecond,the 
fame way the Objed feen by Reflection ought to lie 
from that which is feen directly. 

o Erratum,., Pag, 154. Line %^ read 3 They may he 
either of 'Metal, or Glafs Plates foil 9 d> having their 
Pmo Surfaces, dec. 
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